BACKGROUND: Primary central nervous system lymphoma (PCNSL) is a rare subtype of extranodal non-Hodgkin lymphoma that accounts for B4% of newly diagnosed central nervous system (CNS) tumours. The objective of this study was to analyse the epidemiology, incidence, and outcome of these rare tumours. METHODS: Primary brain and CNS lymphoma cases were identified from the Surveillance, Epidemiology, and End Results (SEER) research data sets for the years 1980 -2008 for analysis of trends in incidence and survival. SEER*Stat v. 7.0.4 software was used to analyse the data. RESULTS: The overall incidence rate of PCNSL was 0.47 per 100 000 person-years. The incidence was significantly higher in males compared with females, blacks aged 0 -49 years at diagnosis compared with whites, and whites aged 50 years and older at diagnosis compared with blacks. After a significant decline in incidence between 1995 and 1999, incidence rates rose slightly; those aged 75 þ years at diagnosis had the most dramatic increase in incidence rates over time. Five-year survival rates were significantly higher in whites compared with blacks aged 0 -49 years at diagnosis, but was primarily driven by white women aged 0 -49 years. CONCLUSION: There is an increase in incidence of PCNSL in the elderly, and elderly blacks have lower incidence compared with white population. Survival remains poor and is negatively dominated by factors associated with HIV infection and advanced age.
Primary central nervous system lymphoma (PCNSL) is a rare disease that accounts for approximately 3 -4% of newly diagnosed central nervous system (CNS) tumours (Hoffman et al, 2006) . PCNSL is an uncommon subtype of extranodal non-Hodgkin lymphoma that involves the brain, leptomeninges, eyes, or spinal cord without evidence of systemic disease. The majority of PCNSL tumours are of the highly aggressive diffuse large cell subtypes, usually of B-cell phenotypic origin (Miller et al, 1994; KroghJensen et al, 1995; Montesinos-Rongen et al, 2008) . The World Health Organization classification of lymphoid and haematopoietic tissue tumours does not recognise PCNSL as a separate entity, as they are indistinguishable morphologically from systemic diffuse large B-cell lymphoma (DLBCL) (Campo et al, 2008) .
The age-adjusted incidence rate has previously been reported at four cases per million persons per year, or B1200 cases per year in the United States (Hoffman et al, 2006) . A prominent risk factor for the development of PCNSL is immunodeficiency, which includes congenital disorders, iatrogenic immunosuppression, and most notably, HIV. PCNSL is one of the four AIDS-defining malignancies and HIV infection carries a 3600-fold increased risk of developing the disease compared with the general population (Cote et al, 1996) . There has been a significant increase in the incidence of PCNSL from the 1960s, which peaked in the mid-1990s (Schabet, 1999; Olson et al, 2002; Haldorsen et al, 2007) . This is generally attributed to the increased incidence of HIV/AIDS and the subsequent development of effective anti-retroviral therapies. There also seems to be an increase in incidence of non-HIV-related PCNSL, which is associated with advanced age (Olson et al, 2002; Norden et al, 2011) . Accurate differentiation, however, on a population basis from HIV/AIDS cases can be difficult, especially data sets early in the HIV infection history (1980 -90s) . Improved imaging and neurosurgical diagnostic services are also likely contributors to increased incidence (Abrey, 2009 ).
The outcome of PCNSL patients is dismal compared with patients with systemic DLBCL, where greater than 50% are longterm survivors. It is unclear if this is attributable to an intrinsic aggressive biological behaviour, the relatively immune-privileged CNS location or to some other yet undetermined cause. Outcomes are also different in HIV/AIDS-related PCNSL having a median survival of 2 months vs a year for non-HIV-related PCNSL (Norden et al, 2011) .
We used the Surveillance, Epidemiology, and End Results (SEER) Programme of the National Cancer Institute to analyse the epidemiology and outcome of PCNSL, regardless of HIV status. Our goal was to perform a comprehensive analysis on this rare but very deadly brain cancer and relate our findings with systemic lymphomas, which is increasing in incidence in the elderly. We demonstrate that similar to systemic lymphomas there is a clear increase in incidence of PCNSL in the elderly and this increase is enlarging over time.
MATERIALS AND METHODS
The SEER programme has collected population-based incidence and survival data on all primary malignant cancers since 1973. For both the descriptive incidence data and the survival analyses, the SEER April 2011 research data for 17 registries were used to analyse data for all primary brain and CNS lymphomas diagnosed between (SEER, 2011b . The SEER April 2011 research data for nine registries were used to analyse trends in incidence data for all primary brain and CNS lymphomas diagnosed between 1980 (SEER, 2011a .
The set of 'all primary malignant brain tumours' was defined by using the International Classification of Diseases for Oncology (ICD-O-3) site codes of C70.0-C72.9 and C75.1-C75.3, and a behaviour code of 3 (i.e., malignant ; Fritz, 2000) . Lymphomas were selected using ICD-O-3 histology codes 9590 -9599 and 9670 -9729.
Incidence rates and frequencies were estimated using SEER*Stat v. 7. 0.4 (Surveillance Research Program, 2010) . Incidence rates were generated for all brain lymphomas overall and by age groups, race, gender, and by diagnosis year to show trends over time. Rates were per 100 000 person-years (p-y) and were age-adjusted to the year 2000 US standard population. Relative survival rates were estimated from the SEER 17-registries research data set using SEER*Stat v. 7.0.4. Relative survival was defined as the observed probability of survival adjusted for the expected survival rate of the US population for that age, sex, and race. Kaplan -Meier relative survival rates were calculated by gender and race group. Survival time was calculated from the date of diagnosis to the date of death or last contact. Patients who were alive were censored at the date of last contact. A Z-score was calculated to compare two survival curves using SEER*Stat v. 7.0.4 and from which a P-value was then estimated (Brown, 1983) .
Effects of age, sex, and race on PCNSL survival time within two selected age groups (0 -49 years and 50 þ years) were analysed using proportional hazards regression models (Hosmer et al, 2008) . The SEER*Stat Joinpoint Regression Program v. 3.4.3 was used to identify changes in the slope of the lines in incidence rate trends over time using permutation rates in a log linear model (Kim et al, 2000; Montesinos-Rongen et al, 2008) . A maximum of three joinpoints were allowed for the number of years included in the analysis.
RESULTS
The SEER 17 registries research data set comprised 3100 cases of PCNSL diagnosed between 2000 and 2008 ( Table 1 ). The most frequently reported primary sites were the brain lobes (33%) and brain, NOS (not otherwise specified; 34%; data not shown). The overall incidence of CNS PCNSL was 0.47 per 100 000 p-y (Table 1) , with a significantly higher incidence in males (0.55 per 100 000 p-y) compared with females (0.39 per 100 000 p-y). Incidence rates increased with increasing age at diagnosis (Table 1) , and demonstrated a similar pattern in both males and females although males had significantly higher incidence rates of PCNSL in the 0 -34, 35 -44, 45 -54, 55 -64 , and 75 þ age at diagnosis year groups than females (data not shown). Overall, incidence rates were similar between racial groups (Table 1) . However, by race and age group, the incidence in whites o50 years at diagnosis was significantly lower than in blacks o50 years. Conversely, whites X50 years had a significantly higher incidence of CNS PCNSL than blacks X50 years. This pattern was observed for both males and females, with both black males and females having higher incidence rates in those diagnosed before age 50 years, but lower incidence rates after age 50 years than white males and females (Table 1) .
The average annual age-adjusted incidence rate of PCNSLs increased significantly over time through the mid-1990s (likely due in part to onset of the AIDS epidemic), but has since decreased ( Figure 1A ). Using joinpoint, three changes in the slope of the incidence line were identified. First, the incidence rate for the years 1980 to 1990 significantly increased with an annual percent change (APC) of 18.7. Then, a non-significant reduction in the slope of the line was observed as the increase peaked in 1995 (APC ¼ 6.9). Between 1995 and 1999, the incidence rate of CNS PCNSL significantly decreased (APC ¼ À19.0), but since then, a slight non-significant increase is suggested (APC ¼ 2.1). Incidence rates in both black and white males increased during the mid-1990s, but have since decreased, whereas the incidence rates in white females have remained comparatively stable over time ( Figure 1B ). Sample sizes were too small to identify patterns in race, gender, and age subgroups by individual years of diagnosis. Incidence rates for the four youngest age groups increased through the mid-1990s, but have since decreased ( Figure 1C ). Conversely, in the 65-to 74-yearage group, incidence rates for PCNSL have increased since diagnosis year 2000. The most significant increase in the incidence rates for PCNSL over time has occurred in the oldest adults (aged 75 þ years), although the incidence may be starting to decease in the most recent time period ( Figure 1C ).
For subjects diagnosed between 2000 and 2008, overall 1-, 2-, and 5-year relative survival estimates were 51.4%, 42.6%, and 31.2%, respectively, with a median relative survival of 14 months (n ¼ 2614; data not shown). By race and age group, whites aged 0 -49 years at diagnosis had significantly better survival than blacks aged 0 -49 years (5-year relative survival ¼ 42.4% vs 27.5%, respectively; P-value at 5 years o0.0001; Figure 2A ). For those Primary CNS lymphoma JL Villano et al aged 50 years or older at diagnosis, the relative survival was lower in whites compared with blacks (5-year relative survival ¼ 27.2% vs 36.9%, respectively), although this difference was not statistically significant (P-value ¼ 0.20; Figure 2A ). For those aged 0 -49 years at diagnosis, white females (n ¼ 163) had significantly (Po0.0001) better relative survival at 36 months than all other race and gender categories, whereas white (n ¼ 372) males had better relative survival at 36 months than black males (P ¼ 0.03) and black females (P ¼ 0.06). Relative survival at 36 months did not differ between black males (n ¼ 118) and black females (n ¼ 59) ( Figure 2B ). Conversely, for those aged 50 years or older at diagnosis, black females (n ¼ 50) had somewhat better survival at 36 months (P ¼ 0.08) than white females (n ¼ 802), although the sample size was too small to draw any definitive conclusions. Survival between all other race and gender categories did not differ (white male n ¼ 763 and black male n ¼ 36; Figure 2C ). Table 2 displays results from the proportional hazards regression analysis. In those with PCNSL aged 0 -49 years, age, sex, and race were all significantly associated with survival. That is, advancing age, male gender, and black race were associated with decreased survival time. Conversely, in those aged 50 þ years, only increasing age was associated with lower survival time. 1980  1982  1984  1986  1988  1990  1992  1994  1996  1998  2000  2002  2004  2006  2008  Incidence per 100 000 person-years 0.0 1 9 8 8 -1 9 9 0 1 9 9 1 -1 9 9 3 1 9 9 4 -1 9 9 6 1 9 9 7 -1 9 9 9 2 0 0 0 -2 0 0 2 2 0 0 3 -2 0 0 5 2 0 0 6 -2 0 0 8 1 9 8 8 -1 9 9 0 1 9 9 1 -1 9 9 3 1 9 9 4 -1 9 9 6 1 9 9 7 -1 9 9 9 2 0 0 0 - 2 0 
DISCUSSION
Depending on the period of analysis during the HIV/AIDS epidemic and therapeutic history investigators have described both an increase and decrease in incidence of PCNSL (Fine and Mayer, 1993; Kadan-Lottick et al, 2002; Olson et al, 2002; Hoffman et al, 2006) . They have also differentiated HIV/AIDS-related from non-AIDS-related cases, using slightly different methodologies (Olson et al, 2002; Panageas et al, 2005; Norden et al, 2011 ). Our result demonstrate that the incidence of PCNSL have recently been stable, and is similar to the CBTRUS annual report, which includes data from 48 population-based cancer registries in the United States (including the SEER registries included in this manuscript) for diagnosis years (CBTRUS, 2011 . The overall incidence is 0.47 per 100 000 p-y, with higher rates in males, but similar overall incidence rates by race. However, when incidence rates were estimated by both race and age at diagnosis, there are notable differences. When evaluating by age groups, there is an increase in incidence with advancing age, with the 75 þ group having the highest rate, and in recent years the difference has widened. This is consistent with an increase in incidence of advanced age (presumed non-HIV)-related PCNSL that have been reported (Olson et al, 2002; Norden et al, 2011) . Other systemic lymphomas have also increased in incidence in the elderly. Data from SEER demonstrates that the rate of DLBCL in the elderly increased 1.4% per year from 1992 to 2001 (Morton et al, 2006) . The increased incidence of DLBCL in the elderly has been attributed to a possible reduction in immunological surveillance or an increased number of somatic mutations that accrue over a lifetime. It is possible that the increasing incidence of PCNSL in the elderly could be attributed to similar mechanisms (Westin and Longo, 2004; Muller et al, 2005) . It is also possible that this increase is reflecting a growing elderly population receiving more immunosuppressive therapies, for example, for organ transplantation and autoimmune diseases.
HIV/AIDS disproportionately affects blacks, by greater than an order of magnitude than other race groups, as well as young adults (Morris et al, 2006) . Black males in the mid 1990s had nearly twice the incidence of white males, but the most recent years of analysis, 2006-2008, no differences are present. This is consistent with results that the cancer burden of HIV infection in a 15-year period, 1991-2005 , has changed markedly, with there being three-fold less AIDS-defining cancers, which includes PCNSL, with a concomitant three-fold increase in non-AIDS-defining cancers (Shiels et al, 2011) . This is attributed to an aging population, which increases the risk for cancer, as well as having improved therapies that have increased the HIV population in the US four-fold during this 15-year period.
Analysis by a broad age group of 0 -49 and 50 þ years demonstrate differences in incidence by race. The 0 -49-year group of black males had greater than twice the incidence of white males, whereas the 50 þ -year group of white males had greater than twice the incidence of black males. Although the number of cases was less, the same pattern was present for black females. This indicates that blacks have a lower incidence of the advanced age (presumed non-HIV)-related PCNSL, which is consistent with the lower incidence of systemic lymphomas in blacks (Ghafoor et al, 2002) .
Consistent with other series, our analysis of overall survival reveals that PCNSL is associated with poor long-term outcomes (Fine and Mayer, 1993; Pulido et al, 2009; Norden et al, 2011) . However, as we restricted our analyses to the most recent time period, our survival rates are higher than previous studies and likely reflect improvements in treatment (O'Brien and Seymour, 2009; Pulido et al, 2009; Chamberlain and Johnston, 2010; Thiel et al, 2010; Norden et al, 2011) . Independent predictors of mortality have been known to be the male sex, being HIV positive, black, and advanced age over 60 years (Pulido et al, 2009; Norden et al, 2011; Thiel et al, 2011) . The contribution of HIV/AIDS is significant as median overall survival is only 2 months vs 12 months in the non-HIV patient (Norden et al, 2011) . Our analysis also demonstrates the significant role of HIV infection has on outcomes as the 0 -49 group, where HIV is more prevalent, have advanced age, male sex, and being black associated with decreased survival, but in the 50 þ group only increasing age is associated with decreased survival.
There are limitations to our analysis. The SEER data set may not reflect true incidence due to ascertainment bias from improved diagnostic techniques including increased utilisation of stereotactic biopsies, flow-cytometry-based immunochemistry and PCR techniques on tissue biopsies or cells from the cerebrospinal fluid (Abrey, 2009 ). This could explain an increase in incidence in the elderly, where previously a diagnostic procedure may not have been performed. It is also possible that our findings of an increase in incidence in the elderly is reflecting a greater use of immunosuppressive therapies or a subset of longer surviving patients with lower CD4 counts, who are more susceptible to the development of PCNSL. There are other limitations as our database, SEER, lacks coding for risk factors associated with PCNSL, including congenital disorders, iatrogenic immunosuppression, and HIV status. Furthermore, we have no information on performance status and limited information on mode of therapy including no information about use of chemotherapy.
In summary, there is an increase in incidence of PCNSL in the elderly, and elderly blacks have lower incidence, which is in keeping with their lower incidence of systemic lymphomas. Survival remains poor and is negatively dominated by factors associated with HIV infection and advanced age. These findings demonstrate the benefit of analysing population-based registries to contribute relevant clinical information on rare brain tumours.
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